1 7 1 8 1 9
INTRODUCTION 4 7
Historical biogeography has developed from simply observing the general 4 8 patterns of species, to incorporating events that explain biogeographic processes (such as 4 9 1 0 3
We modified the DEC model (which we refer to DEC* hereafter) to omit 1 0 4 transitions into the null state in the anagenesis transition rate matrix between ancestor and 1 0 5 descendent pairs (Fig. 1) . It has the same number of parameters as DEC (dispersal and 1 0 6 local extinction, d and e respectively), with the only change being fixing the transition 1 0 7 rate to 0 for transitions from ranges of size 1 to the null range. DEC* is distinct from the 1 0 8 three-parameter DEC+J model which allows for founder-event speciation associated with 1 0 9 lineage-splitting with the addition of the free j parameter (Matzke 2014b). DEC+J retains 1 1 0 the DEC assumption that a null geographic range is a valid state. To implement the DEC* We implemented our own DEC simulator in R that follows the procedures 1 1 8 described by Ree and Smith (2008) . The simulator produces birth-death phylogenetic 1 1 9 trees with concurrent range evolution, combining the DEC model and stochastic 1 2 0 cladogenesis. The simulator also does the same for the DEC* model. Trees were 1 2 1 produced with the same known dispersal and local extinction parameter, constrained to 1 2 2 vary between 0.01 and 0.2, while speciation was constrained to be 0.4 events per million null range state is excluded). At cladogenesis, when the lineage had a widespread range, 1 2 7 equal probabilities were assigned to each allowed range-inheritance scenario (vicariance 1 2 8 or subset sympatry). For both DEC and DEC*, we performed 2,000 simulation-inference 1 2 9 runs and compared dispersal and local extinction parameter estimates as well as the 1 3 0 number of correctly inferred number of areas at internal nodes for all simulations. The 1 3 1 simulations began by assigning the root node a range of a random single geographic area. The phylogeny was allowed to grow according to the DEC or the DEC* model until it 1 3 3 reached 100 taxa (extant plus extinct). To match empirical datasets, the simulated 1 3 4 phylogenies were pruned of branches that went extinct. Our main objective was to understand DEC* versus DEC analyses on empirical 1 3 6 datasets. Therefore, we searched the literature for published studies that used the DEC 1 3 7 model. Then we compiled the phylogenies and geography presence/absence data 1 3 8 available, which resulted in 15 empirical datasets. Most of these datasets were used in We calculated the root mean square error (RMSE) of the estimated parameter associated with the differences between the true parameter and the inferred parameter indicated that on the logarithmic scale the error for e was far better for DEC* than DEC 1 7 5 and nearly the same for d (RMSE of e was 10.9120 for DEC and 3.8363 for DEC*; the two models have the same number of parameters). In 10 out of 15 empirical datasets, 1 8 9 AIC selected DEC* over DEC+J ( Supplementary Table 1 ). DEC+J has an extra 1 9 0 parameter relative to DEC*, so if likelihoods were equal between DEC+J and DEC*, gives DEC* 50.2% of the model weight despite slightly higher likelihood for DEC+J 1 9 5 (model weight 20.4%). Unlike the simulated data, for over half the empirical datasets the extinction rate 1 9 7 inferred by DEC was substantially higher than zero, ranging from 16% to 546% of the 1 9 8 estimated value of the dispersal rate. For DEC*, the extinction rates were even higher 1 9 9 relative to dispersal: only for one empirical dataset was the extinction rate 2 0 0 indistinguishable from zero, for the rest the extinction rate was between 3.2 and 1389-2 0 1 fold higher than dispersal rate (median 104-fold higher). In some cases, the estimated 2 0 2 extinction rate was at the maximum allowed by the program; modifying it to increase the that the likelihood surface is very flat but that the unconstrained maximum likelihood 2 0 7 estimate would be even higher. More simply put, for these datasets, the best estimate of 2 0 8 extinction is extremely high, which would mean that after a species expands its range it 2 0 9 nearly instantly contracts it (into either the new region or back to the old region). In only 2 1 0 three of nine of these datasets was DEC+J chosen over DEC*, despite the apparent 2 1 1 evidence for a jump-like dispersal model. good job predicting the data, which would point to the need for new models to better 2 1 7 match reality. This has been increasingly emphasized in phylogenetics (Goldman 1993; dataset. We work under the assumption that the present should look like the past: a clade 2 2 2 of island endemics is more likely to have been island endemics for much of their history, 2 2 3 rather than being composed of very widespread species that only at the present suddenly 2 2 4 became endemic to single islands. Of course, there are processes that could make the 2 2 5 present not resemble the past (i.e., a sudden change in climate causing suitable habitat to 2 2 6 be divided into isolated patches), but this assumption should hold in most groups. For all 2 2 7 but two empirical datasets, the DEC* model was the more adequate model, with 2 2 8 estimated range sizes at ancestral nodes more closely matching the estimated the mean 2 2 9 1 range sizes observed at the tips of the phylogeny (Fig. 3) . Inference under DEC usually 2 3 0 yields ancestral distributions that are very widespread, which is not the case under DEC* 2 3 1 ( Fig. 3 and Fig. 4 ). Given the results, we argue that DEC* should be considered for use in great deal of uncertainty with estimates. We also note that the estimates of uncertainty in 2 4 7 this model are always underestimates, due to other uncertainty (topology, branch lengths, 2 4 8 states) that is typically not accounted for. Another caveat to the use of DEC* is its treatment of the phylogeny: it assumes 2 5 0 range evolves on a tree but that biogeography does not directly influence speciation or The major use of parametric models in historical biogeography is for ancestral 2 9 8 state estimation. For model adequacy, we expect that the present tends to resemble the 2 9 9
past, so a model where past distributions are similar to present ones is probably a better 3 0 0 fit to the data. For empirical datasets used in biogeography, tip taxa are most often in one (see Fig. 4 ). DEC* may return nearly equally likely single areas rather than a more 3 0 6 confident estimation of the ancestral state being a union of areas. In many cases, We thank the HOFF Lab Group, James Fordyce, Daniel Simberloff, and Sally 3 1 4
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